Introduction
This research paper is focused on the planning problems of production processes in manufacturing for small and medium enterprises (SMEs), which practice business activities that are performed based on integrated multiple projects management. These problems have received a major attention from researchers and practitioners over the last decade. The reason is an exceptional importance for non-single project implementations to reach total profitability, while complexity of the project environment keeps increasing.
Individual projects management is usually a difficult task. The situation becomes much more complicated when there are multiple on-going projects within an organization. Projects need to be considered as an integrated portfolio, rather than a disjointed collection. The process of managing multiple projects requires maintaining control over a varied range of projects, in order to balance the concurrent demands with limited resources and to coordinate the project portfolio to achieve the optimal outcome for organisation.
The multiple projects management (MPM) requires an efficient, dynamic process for determining how to allocate resources and set a realistic delivery schedule for new projects, especially when new project is added to an existing portfolio. Besides the problem of scarce resource allocation among the projects and their tasks, one of the important challenges in any multi-project environment is the coordination of the different tasks comprising those projects. Coordination is especially difficult in situations where the complexity of the comprised projects leads to their separation into concurrent and interrelated tasks, the results of which must be integrated dynamically into an entire portfolio of a satisfactory solution.
Practically every manufacturing enterprise manages a number of projects or multiple projects. One of the major problems is dealing with the complexity resulting from the multifunctional aspect of the projects, which needs a clear definition of the objectives and the roles of each manager on an enterprise.
The aim of the current research is to work out the method and principles of multi-project management targeted to maximization of existing resources utilization within a separate manufacturing enterprise in the projects management environment.
MPM as a complex system
Projects are characterized by complexity (they include many components and dependencies), uncertainty (availability of resources and task durations), dynamic behaviour (changes in the scope of the project, adding or removing unexpected tasks, re-scheduling processes) and are inherently heterogeneous (each task may be completed by different resources or in different geographical locations). In the case of a multi-project environment, each one of these characters is severely intensified.
Any project is a complex system with a lot of interconnected tasks, number of targets and participants. The nature of the project is characterized as an open system, due to interrelations with internal and external environments. At the same time it causes interdependencies among different components of the project in different scales and on different levels.
Complex systems are never completely predictable, even if the working principles are known. Managers should be prepared to deal with the unexpected events that complexity most certainly will bring forth, and should be able to correct any deviation from the planned course of action as soon as possible. To achieve this kind of errorbased regulation they should not try to predict or determine the behaviour of a complex system, but to be prepared for the most probable scenarios. It will make easier to adapt when things go off-course [1] . Complexity is an important criterion in selection of an appropriate organisational form and inputs of the project.
There is hard base that enables to suppose that MP system may be considered as a complex system. Complex system has multiple interacting elements whose collective behaviour cannot be simply inferred from the behaviour of its elements [2] . Therefore, MP system can be similarly described by the means of complexity theory: 1. Complex systems consist of a large number of elements which could be simple. A single project consists of a number of tasks; portfolio consists of a number of projects. 2. The elements interact dynamically by exchanging resources or information. These interactions are rich. Even if specific elements only interact with a few others, the effects of these interactions are propagated throughout the system. It means that the tasks and/or projects are usually connected via the input/output chain with each other, and any change of information may affect the whole task and/or project. 3. The interactions are nonlinear. There is no confidence that a double change in one project will cause the same change in other projects [3] . 4. There are many direct and indirect feedback loops.
The application of the system dynamics to project management has been significant, especially in order to understand the feedbacks [4] . 5. Complex systems are open systems -they exchange information with their environment, where all processes are irreversible. Success of a project depends on endogenous and exogenous factors, such as market situation with all participants on it, supplier's operability, contractor's prosperity, fund sources credibility and many others. 6. Complex systems have memory that is not located at a specific place, but distributed throughout the system. Any complex system thus has a history, and the history is of cardinal importance to the behaviour of the system. Under the history in projects we understand an experience, skills, and action policies of all participants. 7. The behaviour of the system isn't determined by the content of the components, but by the nature of the interactions. Since the interactions are rich, dynamic, fed back, and above all, nonlinear, the behaviour of the system as a whole cannot be predicted from an inspection of its components. The notion of 'emergence' is used to describe this aspect. The presence of emergent properties does not provide an argument against causality, only against purely deterministic forms of prediction. It supports the synergy/cannibalization nature in the multi-project (portfolio) environment [5, 6] . 8. Complex systems are adaptive. They can (re)organize their internal structure without the intervention of an external context. Principles of adaptive management are strongly endorsed and actively used in many industries, such as information technology and environmental protection.
Definitely, all these properties may exist or not in the system and may affect it in a different manner. But few of them appear to be very important in terms of validation of any scientific approach to studying multi-project environment. They are: dynamic exchange in an open system and nonlinearity.
There are several traditional approaches to modelling in dynamic multi-project environment with respect to above discussed complexity properties: 1. Discrete event (linear feedback modelling) and continuous simulation (Simulink) [7] . 2. Markov chains (sequence of random variables corresponding to the system state; transition matrices) [8] . 3. System dynamics (top-down view, feedback loops, etc.) [9, 10] . 4. Agent-based modelling (autonomous rule-based agents) [11] . This research covers the overview of various complexity types and measures. The fractal idea is applied and transformed into a framework for production planning in MPM environment.
Theory of fractals in project management
Usually fractal is considered as geometric concept introducing the quantity fractal dimension or the concept of self-similarity [12] . Fractal is a model of the modular component used to design, implement, deploy and reconfigure any project context. It has a hierarchical structure, and put an emphasis on reflexivity in order to support adaptation and reconfiguration. It has to be more and more adaptive and must perform reconfigurations in reaction to changes in its environment. Indeed, when additional ideas or requirements appear during the project portfolio implementation, new tasks or even projects are created in order to adapt to changed environment.
Any project consists of at least one task, which includes one operation or procedure (transportation, welding, machining, etc.). When a project contains a single operation it is possible to magnify the scope and scale of this operation in order to receive a number of various tasks (sub-tasks) in it.
The use of fractal approach has been applied in a number of different contexts: manufacturing, physics, biology, artificial intelligence, and etc. [13] [14] [15] . The key to the project-based fractal enterprise is establishing clientserver relationships between an "ends-manager" who manages projects and a "means-manager" who ensures the resource usages as scheduled while maximizing resource utilization over time (in an open market economy) [16] . The fractal enterprise idea is the most appealing one from the standpoint of the management tasks modelling since self-organizing and self-optimizing unit characteristics allow to differentiate goal management from resource management in the network of SMEs.
Entropy theory of project management
The "entropy theory of project management" approach is based upon analogies with the discipline of statistical thermodynamics. This is an emergent theory of project management. The primary objective is to reduce the inherent chaos and uncertainty associated with every lifecycle stage of the project, by the transformation of information into highly structured (i.e., low entropy) products or services.
Multi-project entropy is presented as follows. Each organization has a limited amount of the liability that it can undertake. The entropy helps a project manager to calculate the total amount of the uncertainty for all the projects running in his company. (Fig. 1 ). In the a) example a system is subject to exchange only with its environment. In b) example the system is in exchange with environment and another subsystem. Projects A and B are then defined by their respective entropies:
The joint (multi-dimensional) entropy of the Projects A and B is:
where I(A, B) is the average mutual information entropy measures how knowledge of the value of one random variable reduces the uncertainty about another:
According to the second law of thermodynamics, if the system is in the initial state Σ b then, in the absence of any further constraint, it will tend to converge to the state Σ a . Clearly, the system is then disorganizing.
A system would be organized mainly because there is creation of constraints that reduce its informational entropy. In the same way, it would be self-organizing whenever there is self-creation of constraints. In other words, the level and the grade of the organization capability of the system would be directly characterized by the constraints [17] .
Fractal structure for MPM
Fractal approach organizes the complex system that can be generated through the iteration and integration of the simple units and the common control rules. Fractal system possesses some advantageous features:  Self-similarity (in terms of modality, information, function or time, etc.).  Simple, recursive and iterative structure (maybe the most needed features for multi-project management).  Adaptability and self-organization (finds popularity in rapid exchanging highly competing environments).
Fractal approach is based on the assumption that there is a single activity in the project, which is the smallest and similar part of the whole project. Based on the same logic an elementary operation within an activity is a component, which is similar to the entire activity; or project is similar to the project portfolio (Fig. 2) .
Similar feature of these parts (sub-parts, sub-sub, etc) that they all contain three evolutionary stages: preparation ('Prep'), realization ('Realization'), and finalization ('Finish'). Therefore we obtain a fractal structure of the project regardless of its size and type. Square of rectangular is proportional to the product of parameters N (number of people) and T (parameters of time). Depending on the magnitude of these values we can build a parametrically scalable picture of a fractal. The underlying notion in the fractal project (FP) is Effort, E. It could be defined by Eqs. 5 and 6. Constraints are: project time, which is limited by the contracted due date Т lim and resources in use N lim . The latter includes equipment, machines, and staff. Schematic representation of the fractal is given in Figs. 3 and 4 .
where W is the project work amount needed for the completion of project; P is team productivity. 
Fig. 4 Components of FP
Number of simultaneous projects represents a system with properties of self-organization. Using the proposed fractal approach allows the manager to direct human resources, approaching the maximum use of their effort. Principally, the effect of self-organization causes the existence of synergy:
where E PR1 , E PR2 , and E PR3 indicate the effort (which is a function of time and people involved) required to performing three separate projects; E MP is a total effort in multiproject realization. The main part of the fractal, namely Realization takes, as usual, most of the time from the whole activity. This is the phase, which adds the value to our project as a whole, and to the goods, in particular. Other phases, Preparation and Finishing are non-value-added, but they are nec-essary in terms of technological and production requirements. The former involves processes such as parts cleaning, drying, mounting and others where the detail is involved. The latter includes local enterprise features (e.g. long logistics chain, no painting chamber, etc). Therefore, we suppose that ideally all these 0-value processes should be conjugated (or combined) and proceeded during valueadded processes (Fig. 5) . 
Algorithm for FP output parameters definition
The project effort and its distribution over time can serve as a basis for the obtaining of the total number of human actions and their distribution over time (Fig. 6 ).
Fig. 6 Interrelationships between project parameters
The basic objective of the proposed fractal approach is to determine the minimal amount of resources required for the minimal duration of project. The following algorithm is elaborated for this purpose (Fig. 7) . The determination of N min begins with a description of each project operations. For every operation the main manufacturing, preparation and finishing time (T P , T R , T F ) must be defined. For the information processing it necessary to sort the data based on different parameters, which could be performed in Excel or Access tables. The realization time T R is used in order to calculate the resource (machine + operator) utilization.
List of operations in MP

Realization of FP approach
In order to consider the real application of multiple project management framework the local company has been chosen as a practical example. The selected company is a small partner of ABB, which is one of the largest enterprises in Estonia. It specializes in metal constructions for huge equipment in various industries -forest, mining, electrics, etc. The average number of employees in case study company is about 12-14 persons. Two of them are managers; others are welders, metal cutters, and technicians. There are about 3-4 projects in progress simultaneously with an average duration of 6 weeks. This case-study includes 3 projects with a brief description of the specifics of each: Project 1 -Spike rollers (Type A, 34 pcs.); Project 2 -Spike rollers (Type B, 17 pcs.); Project 3 -Stator bars, 72 pcs.
Next step -is sorting by performer, which enables to see how much work each performer of the project has to do. This data is summarised in Table 2 . From this data could be calculated the amount of work to be distributed among non-specialized professionals (not working on machines, i.e., turner, welder, carver). This amount is equal to the sum of preparation and finishing times. For example, if we require one month 160 hours to completing all three projects, it is evident that there is no problems in resources besides the CNC machine resource capacity, since it has 176 working hours. Visual presentation of workloads in all projects allows the manager to conveniently distribute the non-valueadded operation stages among general workers Fig. 8 . The distribution of effort among the team members is given in Table 3 . Notice that 3 general workers were have been added to last row as well as one person that help "Worker". The total effort added by 4 workers is 235 (hour/person). It is possible to build the complete fractal structure for three projects. The sequence of operations for one project is introduced in Figs. 10 and 11 . There following work-groups are defined: WG1 -turning, WG2 -welding, WG3 -cutting, WG4 -painting, WG5 -others.
Fractals visually demonstrate ways of possible combinations of activities, allow grouping and distribution of concurrent operations between the simultaneously available resources, and enable to identify the milestones in switching between different projects and different stages. Depending on the established technological routing the total project time may be changed. Duration of a project is limited by a contract. Naturally, the results of the approach implementation depends on many factors such as the size and the complexity of projects, capacity of resources (for machines) and their skills (for human), time limits and number of projects, and so on. But no result could be achieved without a proper integration of the FP approach in enterprise engaged in MP.
Self-organization in MPM
The goal of FP approach is to provide general worker involved in projects the possibilities for deployment of self-organization capabilities into the MPM. Therefore, a measure of entropy or disorder may be decreased by involvement of few general workers, who would be sharing information about available tasks between each other. Of course, the considerable directing work is performed by a manager [18, 19] . But case study does not include his contribution to self-organization in the MPM environment.
The calculation steps for the Project 1, see Table 4 :  No general workers were added in Project 1. Total effort is 405. Entropy is maximal (but not absolutely, since realizes that it is impossible).  One general worker was added. He brings an effort level of the carver (E P + E F ) equalled 11. Calculate entropy, mutual information and create plot.  Two general workers were added Table 5 . Graphical expression is presented in Fig. 12 . The total values of self-organization measures in the project are presented in Table 6 and plot is depicted in Fig. 13 . Table 6 Self-organization in three projects To sum up the description of self-organization in the projects should say that there is no infinite entropy decrease and no limit points in the mutual information. Hence, one can't expect a considerable self-organisation growth by adding more general workers to the project. In current consideration the average number of additional workers to be added in the projects is 3 persons.
Conclusions
The production activities in numerous manufacturing companies around the world are handled as separate projects. Specifically, the success of projects performing depends on skills and techniques used by the project manager. In the current research the new approach for maximisation of existing resources utilization within a separate manufacturing facility in the MPM environment was considered. The Fractal approach was used for this purpose. It includes several methods for calculation purposes, which are based on characteristics of complex systems, such as entropy, self-organization, and adaptability. Moreover, and more importantly, this approach is a novel way of thinking, fresh point of view on processes within an enterprise.
In the case study, it was verified that the use of fractal approach reduces the total production time, which enabled to add additional project to existing multi-project portfolio and to decrease the total cost of multi-project for 15%. The advantages are as follows: better distribution of activity's main processes, higher productivity of the qualified workers (welders, turners, etc.), and improved utilization of machines during the value-added process. Entropy theory allows to measure uncertainty and complexity in managing projects.
The more information is available, the better is picture received about projects that will be implemented.
